The aim of this study was to determine the accuracy and precision of McMaster method with Raynaud's modification in the detection of the eggs of the nematodes Toxocara canis (Werner, 1782) and Trichuris ovis (Abildgaard, 1795) in faeces of dogs. Four variants of McMaster method were used for counting: in one grid, two grids, the whole McMaster chamber and flotation in the tube. one hundred sixty samples were prepared from dog faeces (20 repetitions for each egg quantity) containing 15, 25, 50, 100, 150, 200, 250 and 300 eggs of T. canis and T. ovis in 1 g of faeces. To compare the influence of kind of faeces on the results, samples of dog faeces were enriched at the same levels with the eggs of another nematode, Ascaris suum goeze, 1782. in addition, 160 samples of pig faeces were prepared and enriched only with A. suum eggs in the same way. the highest limit of detection (the lowest level of eggs that were detected in at least 50% of repetitions) in all McMaster chamber variants were obtained for T. canis eggs (25-250 eggs/g faeces). In the variant with flotation in the tube, the highest limit of detection was obtained for T. ovis eggs (100 eggs/g). The best results of the limit of detection, sensitivity and the lowest coefficients of variation were obtained with the use of the whole McMaster chamber variant. There was no significant impact of properties of faeces on the obtained results. Multiplication factors for the whole chamber were calculated on the basis of the transformed equation of the regression line, illustrating the relationship between the number of detected eggs and that of the eggs added to the sample. Multiplication factors calculated for T. canis and T. ovis eggs were higher than those expected using McMaster method with Raynaud modification.
carnivores (especially dogs, cats and foxes) may serve as hosts of important zoonotic intestinal parasites, including nematodes. therefore, faeces of carnivores containing eggs of these parasites represent a potential source of human infection. As a result, faecal samples from carnivores are frequently examined for the presence of nematode eggs using different modifications of a quantitative McMaster method (Gordon and Whitlock 1939) .
In the senior author's laboratory, McMaster method with Raynaud's modification (Raynaud 1970) has been used for long time and various reactions of different types of parasite eggs during flotation in the McMaster chamber and in the tube have been observed. Moreover, specific properties of faecal samples of different animal species, including carnivores, appeared to influence significantly obtained results.
currently, multiplication factors are used, representing the proportion of the sample dilution ratio and the volume of individual part of the McMaster chamber, but these multiplication factors do not allow for the correct estimation of the number of parasites in sample (Kochanowski et al. 2012) . therefore, quantitative estimation of the number of eggs in gram of faeces in McMaster method with Raynaud's modification by using universal multiplication factors for different types of parasite eggs needs verification.
It is worth mentioning that most papers on McMaster method and its modifications were based on examinations carried out with faeces of animals naturally or experimentally infected, in which real numbers of parasite eggs in samples were not known (Ward et al. 1997 , Ojeda-Robertos et al. 2007 , Pereckiene et al. 2007 , Daş et al. 2011 . Most authors confined their analysis only to comparison of different methods without estimation of the real accuracy and precision of detection of parasitic developmental stages (Rossangio and Gruner 1991 , Turkson and Ahafia 1994 , Levecke et al. 2009 .
the aim of this study was to determine the accuracy and precision of McMaster method with Raynaud's modification (Raynaud 1970) in the detection of eggs of parasitic nematodes of the genera Toxocara stiles, 1905 and Trichuris roederer, 1761 in faeces of carnivores with the use of samples enriched with known numbers of eggs.
Analysis of the accuracy and precision of the McMaster method in detection of the eggs of Toxocara and Trichuris species (Nematoda) in dog faeces

MAteriAls AnD MethODs
Parasite eggs and faeces
Experiment was carried out with faeces of dogs and pigs characterized by solid consistence. Faeces were free of parasite eggs, which was confirmed by double examination by flotation according to Fülleborn (1921) , and faecal samples weighting 2 g were used. the samples were enriched by eggs of the nematodes Toxocara canis (Werner, 1782) , Trichuris ovis (Abildgaard, 1795) and Ascaris suum goeze, 1782. the eggs of T. canis were isolated from females defecated by naturally-infected dogs, those of T. ovis were obtained from females isolated from the caecum of experimentally infected mice, and the eggs of A. suum were obtained from females found in the intestines of slaughtered pigs.
After isolation the eggs were suspended in physiological solution (saline; 0.9% Nacl) and stored in 4 °c until their use. then, the eggs placed in a small drop (about 0.1 ml volume) of saline on a slide. Doses of parasite eggs to enrich samples were prepared by counting eggs individually for each sample. thereafter, the eggs were rinsed from slides to faecal samples with flotation solution. The volume of flotation solution used to rinse parasite eggs was subtracted from the total volume, i.e. 28 ml of flotation solution, which was used for examination of samples (see below). then, the slide was again examined to ensure that all eggs were removed. one hundred and sixty doses of eggs of T. canis, T. ovis and A. suum were added to the samples of dog faeces and 160 doses of the eggs of A. suum were added to the samples of pig faeces.
McMaster method with raynaud's modification
The experiments were carried out according to McMaster method with Raynaud's modification. McMaster chambers produced by the research institute of organic Agriculture (FiBL, Frick, Switzerland) were used. the volume of the whole chamber was 1.5 ml, the size of one grid 10 mm × 10 mm and that of half of the chamber 24 mm × 21 mm (Fig. 1) . the volume of a tube, used additionally according to this modification, was 14 ml. Twenty eight ml of saturated solution of magnesium sulfate (MgSO 4 ) were added to 2 g sample of faeces. The McMaster chamber or flotation tube was filled with obtained suspension (in the case of the tube the convex meniscus was obtained and a cover slip was placed on the top of the tube). samples were examined microscopically after 3 min in the McMaster chamber and after 20 min in the tube. Eggs were then counted at 100× magnification in different parts of the McMaster chamber: in one grid, two grids, the whole McMaster chamber and flotation slide (variant in the tube) Sample examination one hundred and sixty enriched samples of dog faeces (20 repetitions for each eggs level) containing 15, 25, 50, 100, 150, 200, 250 and 300 eggs of three species of nematodes (T. canis, T. ovis and A. suum) per 1 g of faeces were prepared; eggs of A. suum served as a control to show the influence of properties of faeces on the results. Samples were examined using McMaster method with Raynaud's modification. To compare the influence of kind of faeces on the efficiency of the method, 160 pig faecal samples were prepared and enriched with A. suum eggs in the same way. to determine reproducibility, 20 additional samples of dog faeces containing 100 eggs of T. canis and T. ovis per 1 g faeces were prepared. these samples were examined in the same way as in the main experiment, but by different persons.
Statistical analysis
the results were analyzed separately for each variant of counting: one grid, two grids, whole McMaster chamber and flotation slide. Normality of distribution of data was tested by Shapiro-Wilk test (P < 0.05). If the normality of distribution was not confirmed, results were transformed to normal distribution using the natural logarithm (ln) of the number of detected parasite eggs + 1 (Utzinger et al. 2008) . Additionally, Poisson distribution of data was tested by Kolmogorov-Smirnov test (P < 0.05). For each of eight levels (15, 25, 50, 100, 150, 200, 250 and 300 eggs per 1 g of faeces) consisting of 20 repetitions (separately for T. canis, T. ovis and A. suum eggs added to the dog faeces and A. suum added to pig faeces), mean values of detected eggs, 95% confidence intervals for means, standard deviations and coefficients of variation were calculated. limit of detection was calculated as the lowest level of eggs, which were detected in at least 50% of repetition (lombard 2006) . the sensitivity of the method was calculated as ratio of the number of samples that were identified as positive to all checked samples in examination (to guarantee the calculation of the sensitivity in the diagnostic range of the method, only samples with the number of eggs above the limit of detection were taken into account; see ISO 16140:2003) . in order to calculate the multiplication factors for estimation of a real number of eggs in 1 g of faeces, the regression line and the equation y = ax + b illustrating the relation of number of eggs found (y) to the number of eggs added to the sample (x) were determined. Mul- Multiplication factors were calculated for ln-transformed normally distributed data after their anti-ln transformation, that is for following egg contents levels: 150-300/1 g (for T. canis), 50-300/1 g (for T. ovis), 100-300/1 g (for A. suum in dog faeces) and 50-300/1 g (for A. suum in pig faeces).
The correlation coefficient (R 2 ) indicating the degree of linear relationship between the number of added parasite eggs and the number of eggs detected during the examination was calculated. Wald-Wolfowitz non-parametric statistical test was used to assess significance of statistical differences (P < 0.05) between the results obtained in pig and dog samples enriched by A. suum eggs and also between results concerning the reproducibility. All statistical analysis was performed using stAtisticA 7.0 (statsoft, Poland). ln -natural logarithm; mean ln -ln-transformed mean number of detected eggs; sD ln -ln-transformed standard deviation of the mean; cV% lnln-transformed coefficient of variation; mean anti-ln -anti-ln transformed mean number of detected eggs; 95% CI -95% confidence interval for the anti-ln mean number of detected eggs.
ReSulTS
results were compared separately for each part of the McMaster chamber and flotation slide (flotation in the tube variant) for Toxocara canis, Trichuris ovis and Ascaris suum eggs (the last of the species served as a control). All results were presented with reference to 1 g of faeces. Data obtained were not normally distributed and did not follow Poisson distribution. in order to present normally distributed data, the values obtained were transformed using natural logarithm. However, data at low levels of egg content were not normally distributed even if ln-transformed. Normally distributed data were obtained only for the following content levels: 150-300 eggs/g (for T. canis), 50-300 eggs/g (for T. ovis), 100-300 eggs/g (for A. suum in dog faeces) and 50-300 eggs/g (for A. suum in pig faeces).
Mean numbers of detected eggs
the mean numbers of detected eggs showed the accuracy of the method. As shown in tables 1 and 2, the highest mean numbers of detected eggs were obtained ln -natural logarithm; mean ln -ln-transformed mean number of detected eggs; sD ln -ln-transformed standard deviation of the mean; cV% lnln-transformed coefficient of variation; mean anti-ln -anti-ln transformed mean number of detected eggs; 95% CI -95% confidence interval for the anti-ln mean number of detected eggs. for A. suum, slightly lower for T. ovis and the lowest for T. canis (and they were almost half lower than that for A. suum). the values of the mean number of eggs counted in the McMaster chamber increased in the following order: one grid, two grids and the whole chamber. these results were presented in a different way in tube flotation: the highest values were obtained for A. suum eggs, slightly lower for T. canis and the lowest for T. ovis eggs. in the case of T. canis and A. suum, mean numbers of detected eggs obtained in flotation slide variant were lower than those for the whole chamber and higher than those in one grid and two grids variants. However, these results in flotation in the tube were lower than for the whole chamber and comparable to two grids variant for T. ovis eggs. High values of 95% confidence intervals obtained for the mean number of detected eggs showed a low accuracy of results.
Coefficients of variation
The coefficients of variation (CV%; see Tables 1, 2 ) showed the precision of the method. The coefficients of variation (cV%) concerning numbers of detected eggs showed a general trend to decrease together the increasing number of eggs enriching the sample. At the lower levels of egg content, cV% was high and often exceeded 100%. Among all variants of the counting methods the best repeatability of the results (the lowest coefficients of variation) for all types of parasitic eggs was obtained with the use of the whole chamber variant. In the case of flotation in the tube cV% was comparable with that obtained in two grids variant, with the exception of T. ovis eggs. in the tube flotation variant the highest value of CV% was obtained for T. ovis, whereas in the McMaster chamber for T. canis eggs.
Correlation coefficients
Correlation coefficients between the number of added and detected eggs of T. canis, T. ovis and A. suum (r 2 ) showed the linear range of the results (Fig. 2) . the coefficients were calculated for ln-transformed normally distributed data after their anti-ln transformation. r 2 was calculated for results derived by examined samples with the following egg contents levels: 150-300/1 (for T. canis), 50-300/g (for T. ovis), 100-300/g (for A. suum in dog faeces) and 50-300/g (for A. suum in pig faeces).
Multiplication factors
Multiplication factor for estimation of the real number of eggs in 1 g of faeces was calculated from the transformed equations illustrating relationships between the number of parasite eggs detected and that of the eggs added. the values of multiplication factor, counted in the whole chamber variant, were the highest for T. canis (46) and lower for T. ovis (28); for A. suis, the factor was identical (21) both for dog and pig faeces. (table 4) . the highest limit of detection in all variants of the chamber was obtained for T. canis eggs (from 25 to 250 eggs/g) -about twice as high as that for T. ovis and A. suum (from 15 to 100 eggs/g). The lowest limit of detection for flotation in the tube was obtained for T. ovis (four times higher than results obtained for other parasite species). sensitivity sensitivity of individual variants of the method estimated from the results obtained in samples with egg contents above the limits of detection (see table 4) is presented in Table 5 . Sensitivity of the McMaster chamber variants increased in following order: one grid, two grids and the whole chamber. Sensitivity of the flotation in the tube variant was lower than in the whole chamber. comparison of the results obtained for individual parasites indicated the lowest sensitivity with T. canis eggs.
Comparison pig and dog faeces
comparison of samples of pig and dog faeces enriched by A. suum eggs did not show differences in any variant because average numbers of detected eggs per 1 g of faeces, 95% confidence intervals for means, standard deviations and coefficients of variation did not differ significantly. Quality parameters such as limit of detection, sensitivity and percentage of positive results for particular variants of the method used were also similar. Moreover, calculated multiplication factors for one grid and two grids variants were similar to the multiplication factors described in the original McMaster method with Raynaud's modification.
reproducibility
Values of reproducibility (degree of agreement between results obtained independently by two persons) are summarized in table 6. results were compared by the Wald-Wolfowitz test (P < 0.05) and provided no statistical significant differences in any variant.
DisCussiOn
Most of publications on the accuracy and precision of detection of parasite eggs were based on samples of faeces from naturally or experimentally infected animals. For that reason the real number of eggs in faeces could not be properly assessed (Ward et al. 1997 , Ojeda-Robertos et al. 2007 , Pereckiene et al. 2007 , Daş et al. 2011 . Therefore, samples were enriched with a known number of parasite eggs in the present study to obtain results as reliable as possible. Vadlejch et al. (2011) However, these authors did not carry out a multiplication factor analysis to calculate the real content of eggs per 1 g of faeces. A study by Karamon et al. (2010) on the limit of detection of tapeworms Echinococcus multilocularis Leuckart, 1863 in faeces by sedimentation method (sct) was also based on the enriched samples. in the present study, the use of samples enriched with a known number of parasite eggs allowed for a full analysis of the actual accuracy and precision of the McMaster method modified by Raynaud (1970) .
the results of the present experiments indicate that values of the number of parasite eggs detected in dog faeces using McMaster method with Raynaud's modification differed from those reported in the original description of this modification (Raynaud 1970) . In addition, signifi- cant differences were observed in the accuracy and precision of the method depending on the type of parasite eggs. in the case of Toxocara canis eggs examined in the McMaster chamber, significantly lower numbers of eggs were detected in 1 g of faeces than in the case of Trichuris ovis and Ascaris suum. It is most likely that low detection T. canis eggs in the McMaster chamber was caused by the specific shell structure of these eggs with strong adhesive properties (overgaauw and Knapen 2008), which could result in a higher loss of parasite eggs during their handling. The flotation tube variant was characterised by the lowest number of detected eggs of Trichuris. it is highly probable that it was related to the high specific gravity of this type of eggs that affected longer and less effective flotation process in the high column of saturated solution. According to our study the level of detection of Toxocara eggs in the McMaster chamber was twice lower than assumed by raynaud (1970) . However, for Ascaris eggs, both in pig and dog faeces, detection was close to the assumptions of McMaster method in Raynaud's modification. Detection of all three types parasite eggs as a result of the tube flotation is several times lower than the assumptions of Raynaud's modification. Cringoli et al. (2011) also confirmed better detection of the eggs of the hookworm Ancylostoma caninum (Ercolani, 1859) with the use of McMaster chamber than in a test tube.
According to the method applied, the number of eggs in one gram of faeces is influenced by correctness of the multiplication factor inferred from the particular part of the McMaster chamber or to flotation slide. According to Raynaud's (1970) modification, multiplication factors to estimate the number of parasite eggs in 1 g of faeces are: 100 for one grid, 50 for two grids, 15 for the whole McMaster chamber and 7 for flotation slide. It should be emphasized that multiplication factors in most of the McMaster method's modifications are estimated mainly from calculation of the proportion of the sample dilution ratio and the volume of the individual part of the McMaster chamber (MAFF 1986 , Cringoli et al. 2004 , Vadlejch et al. 2011 .
this method of calculation is based on the assumption that all the eggs of parasites present in the sample are detected. However, results of our study has demonstrated that such direct mathematical conversion may not correspond to reality and that the multiplication factors may vary significantly between different types of parasite eggs. Multiplication factors to estimate the real number of parasite eggs in 1 g of faeces should be calculated based on the number of eggs detected by McMaster method in the samples containing known number of eggs. The present study has also shown that the calculation of parasite eggs from the whole McMaster chamber provides the most accurate estimates of the number of parasite eggs per unit mass of faeces. Using this approach, the multiplication factors of 46 were obtained for T. canis eggs, 28 for T. ovis and 21 for A. suum. this method appeared to provide the highest sensitivity and the lowest limit of detection.
our results were not normally distributed (even after ln-transformation) at low levels of parasite eggs contents, which indicates showed a high dispersion of values obtained. Therefore, correct quantitative data are difficult to be obtained with the use of McMaster method in Raynaud's modification at low levels of parasite egg contents. Moreover, our study has revealed that quantitative examination in smaller areas of the McMaster chamber (one grid or two grids) and on the flotation slide (even at higher levels of parasite eggs contents) may not ensure that correct quantitative calculation are made.
The multiplication factors for the McMaster chamber calculated on the basis of our study reached by far the highest value the eggs of T. canis, whereas those for A. suum eggs in the McMaster chamber roughly corresponded to the parameters provided by raunaud (1970) . There are several factors influencing the results of examination of faeces, such as the McMaster chamber construction (chambers are available in various sizes and volumes) and the weight ratio of liquid samples for flotation and flotation density of the fluid. Pereckiene et al. (2010) compared the detection of eggs of parasitic nematodes with two types of McMaster chambers (volume of 0.3 ml and 1.5 ml) and a much better detection was achieved using the larger chamber. An important factor is also the ratio of the weight of faecal samples to the volume of flotation solution (Cringoli et al. 2004 , Pereckiene et al. 2007 ). Ratio of 1 : 14, which was used in the McMaster method modified by Raynaud (1970) , is characterized by the highest efficiency (Vadlejch et al. 2011) . Effect of flotation solution density (Cringoli et al. 2004 ) used in this study, which is a saturated solution of magnesium sulphate (MgSO 4 ) (specific gravity 1.28), exceeds the specific gravity of the eggs of parasites and is suitable for flotation of eggs of Toxocara (specific gravity 1.10), Ascaris (specific gravity 1.13) and Trichuris (specific gravity 1.15). A saturated solution of magnesium sulphate does not damage the eggs of parasites of these species caused by osmotic pressure of flotation fluid.
comparison of samples of dog and pig faeces did not show significant differences in detection of nematode eggs in the present study, but the type of faeces may have a significant impact on the results of parasitological research made with flotation methods. For example, diarrhoeal faeces of suckling piglets contained a lot of fat fraction flowing to the surface of flotation liquid, which reduces significantly the visibility in the McMaster chamber during microscopic examination (Karamon et al. 2008) . In this case, the efficiency of detection can be increased by the use of centrifugation with Percoll.
Currently, new development of the McMaster method is the FlotAc apparatus (cringoli et al. 2010) . the detection of parasite eggs was increased by using two chambers of this apparatus with a total volume of 10 ml and double centrifugation, but the real limit of detection of FlotAc method is yet to be determined.
the present study has demonstrated that it is important to validate the method before its use in routine diagnostics because some differences between theoretical assumptions and real results may appear. Adequate knowledge of method parameters, which influences correct interpretation of data obtained, is also required by laws regulating the work of diagnostic laboratories. For example, ISO/ iEc 17025:2005 standard and related documents require that only validated methods should be used by accredited laboratories.
it should be stressed that the validation of any coproscopic method is very difficult. This is mainly due to the lack of linearity at the lowest levels of parasite eggs content. At these levels, the risk of serious errors is rather high. Another major problem is the heterogeneity of matrices (faeces) and eggs of the parasite. so, it seems to be impossible to use one universal multiplication factor to all types of examined samples and all types of parasite eggs. therefore, it is recommended to validate methods to be used with samples containing the known number of parasites.
our study does not provide the description of the method ready to use for practicing laboratory workers, but represents an attempt to find the proper way for confirmation of real accuracy and precision of the selected quantitative coproscopic method. We hope that our findings will be useful for parasitologists working in diagnostic laboratories and will help in preparation of the universal rules concerning validation of parasitological quantitative methods.
ReFeReNCeS
